In this issue, we explore the assembly roles of protein chaperones, mainly through the portal of their associated human diseases (e.g. cardiomyopathy, cataract, neurodegeneration, cancer and neuropathy). There is a diversity to chaperone function that goes beyond the current emphasis in the scientific literature on their undoubted roles in protein folding and refolding. The focus on chaperone-mediated protein folding needs to be broadened by the original Laskey discovery that a chaperone assists the assembly of an oligomeric structure, the nucleosome, and the subsequent suggestion by Ellis that other chaperones may function in assembly processes, as well as in folding. There have been a number of recent discoveries that extend this relatively neglected aspect of chaperone biology to include proteostasis, maintenance of the cellular redox potential, genome stability, transcriptional regulation and cytoskeletal dynamics. So central are these processes that we propose that chaperones stand at the crossroads of life and death because they mediate essential functions, not only during the bad times, but also in the good times. We suggest that chaperones facilitate the success of a species, and hence the evolution of individuals within populations, because of their contributions to so many key cellular processes, of which protein folding is only one.
Chaperones at the crossroads of life and death
At the most elementary level, biomolecular interactions define life, and protein chaperones are designed to moderate such interactions-whether that involves individual clients, such as newly synthesized polypeptide chains or biomolecular assemblies, such as intermediary filaments. Steady progress continues to be made on the structure-function relationships and reaction cycles of chaperones bound to individual client proteins [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . In this issue, however, we return to first principles, and shine the spotlight on the role of chaperones in biomolecular assemblies, as first defined for nucleosomes by Laskey [17] . This initial concept is now widened to include the modulation of many assembled polymers during normal cell growth and development. In addition, assembly chaperones have a pivotal role in all adaptive responses to environmental and ecological stresses that can shape species evolution. For example, the potential impact of the cellular chaperone complement on the preservation and evolution of the species by the moderation of genetic mutation [18] [19] [20] [21] 
Chaperones as epigenetic factors essential to evolution
The concept that protein chaperones are important epigenetic factors involved in species evolution is now well established through the heat-shock protein 90 (HSP90) paradigm [30] [31] [32] [33] [18, 19, 41] . These high concentrations increase the probability of potentially dangerous liaisons, and make the requirement for chaperones to combat this tendency even more necessary. It is thus not surprising that the expression of some, but by no means all, chaperones is modulated by stress and disease. Thus, the whole chaperone complement contributes to genome stability, and members can function as bona fide epigenetic factors in the selection of individuals for the future maintenance of the species.
Assembly chaperones: a tried and tested principle essential to life
The role for protein chaperones in the assembly of multi-component complexes in polymer assembly is well documented. [61, 62] ; major histocompatibility complex formation [63, 64] ; T-cell maturation [65] and antigen presentation [66, 67] , as well as the formation of muscle sarcomeres [68, 69] , which includes the assembly of actin [70] , desmin [71, 72] , myosin [73] and titin [74] . Chaperone-assisted assembly of multi-component complexes sometimes uses membrane surfaces [75] [76] [77] demonstrating that their attentions are not restricted to proteins, but include other biomolecules including DNA [78] , RNA [79] and lipids [80] [81] [82] . Chaperones are truly diverse in their client selection, again indicative of their functional pluripotency in biological systems.
The conceptual advance: assembly chaperones that affect both polymer and complex function
A recent conceptual advance from the basic assembly chaperone concept is that chaperone function continues even after the assembly of the biomolecular complex to modulate complex or polymer function. This aspect was realized from work on intermediate filaments [71] , where the persistent . CRYAB (aB-crystallin) as a capacitor for evolution. CRYAB can influence genetic traits via amyloid assembly control in Drosophila [94] and Saccharomyces cerevisiae [95] . In mice the absence of CRYAB in combination with another sHSP, HSPB2, exacerbates the behavioural changes in an Alzheimer model [96] . sHSPs are holdases with documented roles in all major cellular processes. These include proteostasis [97] [98] [99] [100] [101] , cell cycle control [102] [103] [104] [105] [106] [107] [108] and consequently metastasis [109] [110] [111] [112] [113] [114] . CRYAB also inhibits apoptosis by binding to key regulators [115] [116] [117] [118] [119] and binds directly to mitochondria via VDAC and TOM20 in a stress-dependent manner [119, 120] . ATP levels [121] and redox potential are influenced by CRYAB [122, 123] . Regulation (reg.) of the cytoskeleton is a prima facie example of the assembly chaperone role for CRYAB involving acto-myosin [70, 124, 125] , titin [74, 126] cadherin [127] , tubulin [128, 129] and intermediate filaments [90, 130] .
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association of sHSPs influence subsequent filament -filament interactions, and is a key factor in the pathology associated with desmin-related myopathy [72] . figure 2 ).
Issue outline
In this issue, we consider the historical perspective of protein chaperones [131] . The association of chaperones with aggregate-based diseases is the main focus of this issue. The concept of chaperones as capacitors for evolution arose from studies on yeast prions, and in this issue, the role of HSP70 in prion protein Ure2 is presented from the Perrett laboratory [132] . Redox sensing and endoplasmic reticulum (ER) 
